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Test of an Optional Strip
Posting and
Marking Procedure
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A significant part of the en route controllers’ job is to post flight. progress
strips (FPS) next to the plan view display (PVD) and mark the FPSs with
new or revised information. The new Display System Replacement (DSH)
being implemented in air route traffic control centers (ARTCC) will pro-
vide conirollers less room to post FPSs. The current experiment tested a
new FPS marking and posting procedure designed to reduce the control-
lex’s need for, or reliance on, the FPSs.

The experiment was conducted at Gleveland (ZOB) and Jacksonville
(ZJX) ARTCCs utilizing individual controllers and controller teams oper-
ating in either high or low altitude sectors. In the Normal condition, par-
ticipants worked as they normally would. During the Optional FPS condi-
tion, participants removed FI’Ss that were not needed after radar contact
and communications were established. Also, FI'S marking was not required
for any information that was rcecorded elsewhere, such as via computer
entry or landline communication.

Participants removed proportionally more FPSs and marked them less
often in the Optional FPS condition. There was no effect on performance
and pariicipants did not seem to compensate during the Optional FPS con-
dition. On-line measures of wovkload and post-scenario measures of sub-
jective workload were comparable for the two conditions. Overall, the Op-
tional FPS procedure appeared to be a viable means by which controllers’
rcliance and use of the FPSs may be reduced.
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INTRODUCTION

Currently, en routc air traffic controllers use paper flight progress
strips (I'PS) to provide safe and efficient service. The controller uses
the FPSs o obtain information about a fligcht and to record changes
in flight, parameters such as route, speed, or alitiude. Controllers are
requircd by Federal Aviation Administration (FAA) procedures to
post I'PS for all aireraft within their particular sector of airspace.
Howcever, much of the information on the I'P’Ss can be obtained else-
where, such as from the computer readout device (CRD). Addition-
ally, much of the information that the controlier is required to write
on the FPSs 1s also recorded elsewhere, such as on the host computer
system or ground-to-air audio tapes. For example, a change in as-
signed altitude is recorded on audio tape, writien on the FPS, entered
into the host computer sysiem, and displayed on the plan view dis-
play (PVD}in the aircraft’s data block. In fact, for legal purposes, all
transmissions between the controller and the pilot are recorded on
audiotape. Potentially important information lor the controller that
is not entered into the host computer system or digplayed on the PVD
includes changes to an aircraft’s heading, speed, and issuance of
holding instructions. Although redundancy can be very beneficial,
particularly when a system fails, redundancy in highly reliable sys-
tems® may create additional task requirements in terms of workload
or cognitive processing for the operator.

The purpose of the current experiment was to examine the perfor-
mance and workload cffects of removing some of the redundant be-
haviors associated with the 1'I’Ss thatl are required for en route air
traffic control (ATC), namely, FPS posting and marking. The out-
come 15 of Interest due to impending replacement of workstations
used by en route controllers. The old, vacuum tube dependent work-
station, or M-1 console, is being replaced by the new, more reliable,
Display System Replacement (DSR). The DSR has much more com-
puter power to allow for future system upgrades, including the use of
color and additional functions for the controller. One important dif-
ference 1s that the DSR workstation provides less room for FI’S man-
agement. Thercfore, it was reasonable to ask whether the benefits
provided by the DSR display and its ability to accommodate new
electronic enhancements and tools would bhe diminished by a re-
stricted ability to use the FPSs. It is important to note that during
the initial transition, the DSR will stimply replace the old M-1 console
without adding any new features. If restricting controller interaction

LARTCC reliability will improve with the implementation of DSR and with the
reptacement of the Host computer by the Host/Oceanic Computer System Replace-
ment (HOCSRY
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with the FPSs results in a deficit (e.g., poorer performance, higher
workload) while using the M-1 console, then a similar deficit may
remain during a transition to the DSR.

A number of researchers have emphasized the importance of active
FPS usage {(e.g., Hopkin, 1988, 1995; Stein, 1991; Stein and Bailey,
1994; Zingale ot al., 1992). Hopkin specifically argued thatl active
control procedures are necessary lor controllers to maintain a sulfi-
cient level of knowledge and situation awareness (SA) during the
ATC task. He emphasized the importance of physical iteraction
such as resequencing or writing on the FPSs. Without such physical
interaction, he argued, controller memory, SA, and hence, overall
performance, would suffer. The views of Hopkin and others rest on
the ideas that memory encoding is important and that it cannot suf-
ficiently occur without such meaningful physical activity. Interviews
of 170 controllers throughout the United States indicated that the
three memory aids used most by controllers involve the FPSs
(Gromelski et al., 1992). These often-used memory aids are [FPS man-
agement (arrangement of FPSs), offset or tilted FPSs (indication that
further action is needed), and TPS marking (updating and confirma-
tion of commands issued).

In a more relevani seiting, Zingale, Gromelski, and Stein (1992)
provided support for the importance of interaction with the I'PSs.
These researchers trained aviation students to use TRACON 11, a
simplified, terminal radar ATC simulator. Participants were pro-
vided with an FPS for each aireraflt in the simulation. Each partici-
pant controlled traflic in both Writing and No-Writing conditions in
which they either could or could nol record control actions on the
FPSs. Results showed that more prior conirol actions were remem-
bered in the Writing condition than in the No-Writing condition.

The participants used in that study were not air traffic controllers
and therefore, the results provide only minimal support for the in-
teractionist position of Hopkin and others. When actual controlicrs
were used, no differences in memory for previously performed actions
were found when the same basic experiment was conducted (Zingale
et al., 1993). F'urther evidence contradicting the hypothescs of the
interactionist view has been provided by studies that demonstrate a
lack of detrimental effecls on performance, workload, or cognitive
processing when controllers were limited in the amount of interac-
tion they had with the FPSs or when the FPSs were completely
removed (Albright et al., 1994; Vortac et al., 1993). The latter ob-
served controllers (FAA Academy Instructors) under both normal
and restricted IFPS conditions. The IFPSs were posted and visible
during the restricted condition, however, controllers could not physi-
cally manipulate or write on the FPSs, Controller performance, in-
cluding visual scarch and recall of flights and flight data, was not
impaired by the restricted condition. In fact, controllers were more
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likely to remember to grant requests and did so sooner under the
restricted condition. They concluded that by restricting interaction
with the I'PSs, the ATC task was changed such that controllers were
then able to assume a more strategic outlook. Restricling interaction
with the FPSs resulted in a reduction in workload, or at least a
redistribution of workload in regard to the I'PSs, and more cognitive
resources could be directed towards pros pective activities.

Albright, Truitt, Barile, Vortac, and Manning (1995) previously
examined the role of the FPSs by observing how controllers compen-
sate for the absence of the FPSs. They observed full performance
level, en route controllers in a simulated, high altitude sector during
hoth a normal condition and a condition in which all FPSs were
removed. By removing all FPSs from the controllers and giving them
a notepad on which to write anything they wished, Albright ct al.
were able to observe whether controllers could compensate for the
lack of FPSs and—ifl so—how. they compensated. A subject watter
expert (SMIS) evaluated controllers’ performance and controllers pro-
vided subjective workload ratings after cach scepario. Results
showed no differences in performance or perceived workload when
the 'PSs were absent. Controllers compensated for the lack of FPSs
by performing more flight plan readouts on the computer system. The
flight plan readout (FPR) provides the same information as does an
FPSZ. Although this means of accessing flight information appeared
to have slowed the time it took controllers to grant a request when
FPSs were absent, controllers spent sigmificantly more time watching
the PVD. Given the results of VortacTet al. (1993) and the way in
which controllers compensated for the absence of FPSs in the Al-
bright et al. study, one can argue that a primary function of the FISs
is to provide ready access o flight information and, in terms of ulti-
mate performance and memory, very little benefit is provided by
writing on the FPSs.

The results of Vortac et al. (1993) and Albright et al. (1995) suggest
that, given the physical limitations of the SR and the space allotted
for the FPSs, it may be practical to roeduce the amount of wriling on
the TFPSs and the number of FPSs that must he posted. Currently, en
route controllers are required to post an FPS for an aireraft from the
time radar contact and communications are established with that
aiveraft until the controller instructs the aireraft to switch radio fre-
quencies and contact the next controller. These requirements result
in at least one FPS being posted for each aireralt in a controller’s
airspace. Furthermore, many control actions must be recorded on the
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® The FPR provides the aireralt’s computer identification number, callsign, type and

equipage, asstgned beacon code, oround speed transition {ix, estimated fime over
age, assig _ g peed, ,

transition fix, requested altitude, filed roule, and destination.
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FPSs as per the FAA Air Traffic Controller Handbook, 7110.65J
(1995).

Reducing the requirements for FPS marking and posting by mak-
ing them optional to the controller thus should not prevent the con-
troller from achicving adequate performance while working within
the current specifications of the DSR. Reducing the FPS require-
ments climinates the redundant recording of information and poten-
tinlly results in fewer FPSs that the controller must post and search
through in order to find important information. However, the evi-
dence in support of reduced FPS marking and posting is somewhat
limited. The Vortac ct al. (1993) study was limited to individual con-
trollers who were instructors at the FAA Academy. Although Al-
bright et al. (1995) used field controllers, their results arc also lim-
ited in that they only observed individual controller behavior in a
single, high altitude sector. In order to provide further support for
the viability of the reduction of FPS posting and marking, questions
similar to those asked by Vortac et al. and Albright et al. must be
addressed in a variety of both high and low altitude sectors. Further-
more, results must be gencralizable beyond the individual controller,
and the impact of reduced FPS activities must be assessed for the en
roule air traffic control tecam as well.

The current experiment was designed Lo answer two basic ques-
tions: First, does providing controllers with the option of posting and
marking FPSs result in significantly fewer FPS postings and mark-
ings? Second, if the optional posting and marking of FPSs does result
in fewer I'PSs being posted, what, if any, are the effects on controller
performance and workload? To answer these questions, participants
were observed under both Normal and Optional FPS Marking/
Posting conditions. During the Normal condition, controllers had full
use of the FPSs and they controlled traffic as they usually would.
Under the Optional FPS condition, with some exceptions, controllers
had to post and mark FPSs only until radar contact and communi-
cations were cstablished and accepted with an aircraft.

The procedures used in the Optional FPS condition were developed
by The Strip Reduction Working Group, which met inifially from
November 4-6, 1997, in Washington, D.C. The sole purpose of the
meeting was to identify ways to reduce en route controllers’ use of
FPSs and FPS marking in anticipation of the DSR upgrade. The
group was organized by the FAA Air Traffic Operations (ATO) branch
and included representatives from ATO-110, the Civil Aeromedical
Tnstitute, the National Air Traffic Controller’s Association (NATCA),
the ATC Supervisors Commiitee, and the University of Oklahoma.
The varied composition of the Strip Reduction Working Group al-
lowed for consideration of many possibilities for the reduction of FPS
activity. The group discussed and recommended changes to the cur-
rent FPS procedure as possible ways to reduce FPS activity. The
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result of the group’s effort was an alternative FPS procedure that 1s
shown in Appendix A. An important point of the revised I'PS proce-
dure is that although it allows for a reduction in the posting and
marking of FPSs, such a reduction is optional and would only be used
if the controller(s) responsible for a sector decided to do so. Before
adjourning, the Strip Reduclion Working Group decided that an em-
pirical study would be appropriate to test the revised FPS procedure.

The experiment was conducted at two Air Route Traffic Control
Yenters (ARTCC), Cleveland (ZOB) and Jacksonville (7ZJX)?. Dala on
performance and workload were collected from individual controllers
and controller teams operating in cither high or low altitude sectors.

METHOD
Participants -

A total of 48 full performance level (FPL) controllers volunteered to
participate in the experiment (ZOB =24, ZJX =24). Just prior to the
cxperiment, cach: controller read and signed an informed consent
statement and then completed a biographical questionnaire. Mean
responses to the biographical questionnaire are shown in Table 1.
Controllers participated either individually or as part of a two-person
tcam. Controller teams are generally made of two people; one person
(the R-side) is primarily involved with activities associated with the
radar screcn while the second person (the D-side) is mainly involved

Table I. Means and Standard Deviations for Biographical Data

by ARTCC
ARTCC
Biographical Info Z0B ZJX

Number of ARTCCs worked 1.17 (0.38) 1.17 {0.38)
Years in current area 10.37 (7.01) 10.75 (7.04)
Years at current ARTCC 11.28 (6.73) 11.86 (6.56)
Years as FPL 8.94 (6.91) 11.15 (8.07)
Years as Controller 13.66 (6.49) 15.30 (6.84)
Years since recertification 4.91 (4.60) 7.89 (7.77)
Age 38.46 (6.38)

39.13 (6.65)

* Additional data focusing on individual controllers in low altitude sectors were
collected at Boston (ZBW). Because there was no effect of the experimental manipu-
lation at ZBW, and because these dala focused on individuals in low alfifude seetors
only, these data are not presented here.
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with posting and marking the FPSs. The D-side also handles the
transfor of information to, and the recording of information {rom,
other scetors and ARTCCs.

Scenarios

For each ARTCC, two scenarios were developed for each sector (high
or low altitude) and staffing condition (individual or team) for a total
of cight scenarios per ARTCC. All scenarios were selected from train-
ing scenarios that had been developed previously by the training
department of each ARTCC. Once selected, scenarios were altered if
necessary to meet the complexity requirements of the experiment or
Lo ensure the occurrence of particular events of interest. Sectors used
at ZOB were Hudson (high aliitude) and Lichtfield (low altitude).
Sectors used at ZJX were Brewton (high altitude) and Florence (low
altitude). All scenarios were designed to be at leasl 30 minutes in
length. Scenarios for individual controllers had a complexity rating of
70% and scenarios for controller teams had a complexity rating of
100%. Complexity ratings were calculated by the ARTCC’s training
specialists and were based on the number and type of events that
occurred during each scenario.

Among the typical occurrences of cach scenario, a strip-critical
event. was identified in order to give the SME an opportunity to
evaluate how cach event was handled, especially when the related
FPS had already heen removed [rom the board. Each strip-critical
cvent required the controller to-make use of an FPS and was par-
ticular to the scenario in which it occarred. Strip-critical events in-
cluded, 1) providing holding instructions, 2) a pilot requesting a route
change, 3) an aircraft flying at wrong altitude for dircction of flight,
and 4) an aireraft requiring special handling such as Air Force One.

Dynamic simulator (DYSIM) training facility

The DYSIM is a high fidelity simulation facility that closely re-
sembles the real en route ATC environment. Workstations are fully
[unctional and landline communications are provided. Flight plans
for each aircraft in a scenario are pre-programmed, but controllers or
simulation pilots may change any flight plan during the simulation.
Training specialists execute ATC instructions Lo simulate the roles of
pilots and other controllers during the simulation.

Workload Assessment Keypad (WAK)

The WAK is a computer-controlled, on-line subjective measurc of
workload. The WAK is well adapted for use in the ficld because it 15
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relatively small, portable, and can collect ratings from as many as
four participants simultaneously. Based on the work of Stein (1985),
the WAK obtains a workload rating by aurally and visually prompt-
ing the participant. At an adjustable interval, the WAK emits a high-
pitched tone and its seven, numbered butlons illuminate. The par-
ticipant then makes a rating by pressing one of the buttons within a
specitied amount of time. The WAK records cach rating as well as
elapsed time from prompt Lo response.

Task Load Index (TLX)

A modified version of the NASA TLX (Hart and Staveland, 1988) was
used to collect subjective ratings of taskload. The TLX contains S1X
separate scales to assess mental demand, physical demand, temporal
demand, effort, frustration, and performance. Iach scale was repre-
sented as a 100-mm line, .anchored from low to high. Participants
placed an “X” on each scale after an experimenter described what the
scale was intended to measure.

PROCEDURE

The procedure was the same for both ARTCCs. All data were col-
lected in the DYSIM training facility of the respective ARTCC. Fol-
lowing instructions, data collection.began with the first of two sce-
narios. The first scenario was always the Normal condition in which
parlicipants were asked to control traffic ag they normally would.
The two scenarios corresponding to group (individual or team and
high or low allitude sector) were counterbalanced, such that each
scenario appeared in each condition an equal number of times. Thus,
any differences between the Normal and Optional FPS conditions
could not be due to differences in scenarios. Participants were given
a notepad to record anything they wished. The scenario began with
the SME providing a position relief briefing and then the participant
took full control of the scenario for 30 minutes.

During the scenario, the WAK prompted the participant cvery b
minutes for a workload rating (where 1 = very low workload and 7 =
very high workload). The SME used a behavioral event checklist to
record the occurrence of specific events related to controller perfor-
mance including operalional errors, operational deviations, missed
handoff, violation of a Letter of Agreement or other directive, missed
readback error, failure to grant request, failure Lo direct aircraft to
awitch radio frequencies, cause unnecessary delay, Inappropriate re-
quest of information, computer entry error, and failure to complete
proper coordination. The SME also observed one strip-critical event
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(for example, pilot requests route change) and noted if the participant
cffectively handled that event. For controller teams, communication
effectiveness was evaluated by the SME using a form to note whether
participants were aware of each other’s actions, if duplicate actions
were performed, or if lack of communication affected safety or offi-
ciency in any way.

Two experimenters used microcassette recorders to archive activ-
ity relevant to the VD, CRD, and I"PSs. In addition, experimentcrs
recorded the time at which each activity occurred. One experimenter
recorded the type of actions performed by the controller involving the
PVD and CRD and the time these actions were performed. These
actions included request for information, use of a route display, J-
ring*, /0°, and FPR. The second experimenter recorded the callsigns
on FPSs and the times each was posted and removed. The second
experimenter also recorded D-side activities regarding the PVD and
D-side CRD when controller teams were being observed. At the end
of the first scenario, the participant(s) used a list that was displayed
on the CRD to provide a position relief briefing to the SME. Once
completed, the SMIL evaluated the quality .of the briefing. The par-
ticipant then completed the TLX which was followed by a 15-minute
break.

Participants returncd to the DYSIM after the break. Before start-
ing the Optional FPS condition an experimenter reminded the par-
ticipants how to use the WAK. A representative of NATCA then
summarized the proposed strip marking and posting procedure. Un-
der the Optional I'PS condition, controllers were instructed by the
NATCA representative that they 'were to post and mark FPSs only
until radar contact and communications were established and ac-
cepled with an aircraft. After that, FPS activity should follow the
optional posting and marking procedure. Participants placed a check
mark in ficld 21-24 of an FI’S {o indicate that optional posting and
marking could be used for that strip. [Nowever, optional marking only
applied to information that was recorded elsewhere, for example, by
computer entry or voice recordings. The NATCA representative also
instructed participants that information that was not redundant had
to be recorded on the FPSs and that an FPS could be removed from
the board if it was no longer nceded. Participanls were also in-
structed that an FPS was required to be posled and marked in special

* A J-ring (also referred to as a distance reference indicator) is displayed on the PVD
as an approximate circle that can be placed around selected airerafli for means of
delermining horizontal separabion.

® A “slant zero”, /0, is an action performed by the controller via keyhoard entry to
shorten the tength of a leader line (the line connecting an aireraft position symbol
with a datablock as displayed on the PVD). Many, but not all, eontrollers use the /0
entry as an indicator, or reminder, that they have instructed an aiveraft to swileh
radio frequencies.



iy,

140 B _ TRUITT, DURSO, CRUTCHFLELD, MOERTL, MANNING

situations which included, 1) radar contact would be lost, 2) an air-
craft was transitioning from radar to non-radar, 3) special handling
was required, 4) non-radar [ight, 5) an aircraft transitioning from
auto to non-auto mode, and 6) holding instructions issued. The full
text of the Optional FPS procedure is shown in the Appendix. Finally,
participants were encouraged (but not required) by the NATCA rep-
resentative to follow the optional FPS posting and marking proce-
dures as best they could so that an adequate test of the procedure
could be conducted. Iixperimenters then provided each participant
with a Procedures Summary Sheet and reviewed cach item on the
sheet with the participant. As in the Normal condition, a notepad was
provided for the participant to record anything he or she wished.

Once the participant indicated that he or she understood the in-
structions, the Optional I'PS condition began with a position relief
briefing from the SME after which the participant took full control of
the scenario for 30 minutes. As before, the SME and two experiment-
ers ohserved the participant’s activity, and participants were
prompted by the WAK every 5 minutes for a workload rating. The
participant used a list that was displayed on the CRID to provide a
position relief briefing at the end of the scenario and then completed
the TLX a second time. After responding to the sccond TLX, partici-
pants completed a post-experimental questionnaire. Finally, partici-
pants were debriefed, thanked, and excused.

RESULTS .

There were no apparent differences between the data from ZOB and
ZJX so these data were combined, yielding a total of 16 individuals (3
per sector type) and 16 teams (8 per sector type) for the analysis.
Results of individuals and teams will be reported separately for each
scctor type. Evaluative comparisons will not be made between
ARTCCs, individuals and teams, or high and low altitude sectors
heeause the objective of this experiment was to evaluate the Optional
FI’S procedurce, not to cvaluate a particular facility. It should be
noted that scenarios were used an equal number of times in cach
condition. Therefore, any differences between the Normal and Op-
tional FPS conditions were not due to differences in scenarios. Sta-
tistical values are only reported for tests that were significant at a
level of o < .05. Finally, in the following exposition, if analyses for
each combination of staffing and sector type yielded identical conelu-
sions, only the means collapsed across these factors are presented. If
on the other hand, one combination of staffed sector-type did not
agree with the others, the means for each sector and staffing condi-
tion arc presented.
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Proportion of total FPS posted

It would be difficult to assess the reduced posting and marking pro-
cedure without some willingness of the participants to try the new
procedurc. An oxamination of the proportion of {otal 'PSs that could
have been posted during the scenarios provides information regard-
ing whether or not participants were willing and able to follow n-
structions and if in fact the Optional FPS procedure resulted in fewer
FPSs being posted over time. Figurc 1 shows the mean proportion of
total FPSs posted by condition and scenario time for individuals and
controller teams in both high and Tow altitude sectors.

Fach of the four datascts was analyzed using a 2 (Normal vs. Op-
tional FPS) x 30 (1-min intervalg) repeated measures analysis of
variance (ANOVA). When analyzing the proportion of 'PSs posted,
individuals in the low altitude scctors posted propottionally fewer
FPSs in the Optional FPS condition (M = 0.49, SD = 0.15) than in
the Normal condition (M = 0.64, 5D = 0.16), and posted fewer FPSs
over time, F(1,7) = 15.50 and F(29, 203) = 14.13, respectively. There
was a significant Condition x Time interaction, F(29, 203) = 4.71.
Individuals in the low altitude sector were able to use the Optional
FPS procedure Lo reduce the proportion of FPSs posted during the
firsl few minutes of the scenario an d then retained that reduction.

[ndividuals in high altitude sectors posted proportionally fewer
FPSs in the Optional FPS condition (M = 0.50, 8D = 0.18) than in
the Normal eondition (M = 0.58, 5D == 0.19), F(1, 7y = 23.92, and the
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aumber of FPSs posted declined over time, F(29, 203) = 3.15. The
sondition x Time interaction was not significant indicating that the
proportional reduction was relatively immediate and was retained
throughout the scenario. Individuals in high altitude sectors wcere
able to implement the Optional FPS procedure in that they were able
to post proportionally fewer FPSs in the Optional FPS condition than
in the Normal condition.

Controller teams in low altitude sectors posted proportionally
fewor FPSs in the Optional FPS condition (M = 0.48,SD = 0.16) as
compared to the Normal condition (M = 0.62, S = 0.17), FQ,7) =
8.36, and also posted fewer FPSs over time, F(29, 203) = 14.72. The
(londition x Time interaction was also significant, F(29, 203) = 6.86.
Therefore, teams in low altitude sectors used the Optional FPS pro-
cedure to reduce the proportion of 'PSs that were posted early in the
scenario relative to the Normal condition. Although this reduction
took some time, the reduction was maintained after the first few
minutes of the scenario.

1ontroller teams in high altitude sectors posted proportionally
fower JTPSs in the Optional TPS condition (M = 0.45, SD = 0.16)
than in the Normal condition (M = 0.62, 50 = 0.17), and posted
fewer FPSs over time, F(1, 7y = 81.19 and F(29, 203) = 39.09, re-
gpectively. There was a significant Condition X Time interaction,
F(29, 203) = 8.36. Similar to teams in low altitude sectors, teams in
high altitude sectors also were able to use the Optional FPS proce-
dure to reduce the proportion of FPSs posted during the fivst few
minutes of the scenario and then retained that reduction. Controller
teams in both high and low altitude sectors removed FPSs at a
greater proportional rate during the Optional FPS condition. Overall,
participants werc able to post proportionaily fewer FPSs during the
Optional FPS condition as compared to the Normal condition.

A significant main offect of Time was found for all four groups of
participants. That is, proportionally fewer FI’Ss were posted over
time regardless of condilion (Normal or Optional ¥PS). This eftect is
best explained by the fact that the scenarios tended to involve fewer
aireraft as they progressed. Becanse the scenarios were designed to
be 30 minutes in length, new aircralt werc not being senerated to-
wards the end of the scenarios and hence, the number of FI’Ss that
were posted tended to decrease over time.

Difference scores were calculated to simplify inspection of the
oraphs. Difference scores were calculated for each group of partici-
pants by subtracting the proportion of FPSs posted in the Optional
FPS condition from the proportion of TPSs posted in the Normal
condition for each minuate of the scenario. These data are shown in
Figure 2.

Overall, the difference scores <how that the reduction in the pro-
portion of FPSs posted in the Optio nal T'PS condition as compared to
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Figure 2. Mean difference scores of proportion of total KPS posted for each staffing
condifion and cach seclor type

the Normal condition occurred relatively early 1n each seenario. The
difference in the proportion of F'PSs posted was then maintained (for
individuals) or increased (for teams) throughout the scenarios. Indi-
viduals in the high altitude sectors showed the smallest difference in
the proportion of FPSs posted. fiven in this condition it was a sig-
nificant reduction of 5% to 15% fewer FPSs posted in the Optional
FPS condition as compared to the Normal condition. The greatest
reduction in the proportion of FPSs posted was realized by the con-
troller teams in the high altitude sectors who posted at times a dif-
ference greater than 20% fewer FPSs in the Optional FPS condition.

Number of marks per FPS

In addition to observing how many FPSs were posted, the average
number of marks made on each FPS were also counted. Again, this
ensured that participanis were in fact using the optional marking
procedure as instructed. Participants did in fact make about 1 less
mark per FPS in the Optional FPS condition than in the Normal
condition. Data are shown in Figure 3.

Data were analyzed using a dependent t-test for cach data set.
ndividuals in low aliitude sectors made significantly fewer marks in
the Optional FPS condition (M = 4.19, SN = 0.20) than in the Nozr-
mal condition (M = 4.8, SD = 0.15), ¢(1, 7) = 2.64. Individuals in
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high altitude sectors also made significantly fewer marks per FPS in
the Optional FPS condition (M = 252 , 8D = 0.10) than in the
Normal condition (M = 3.65,SD = 0.13),1(1,7) = 3.05. Thus, indi-
viduals in both low and high altitude sectors made si onificantly lewer
marks on the FPSs in the Optional FPS condition as compared to the
Normal condition. o

“ontroller teams in low altitude scectors made significantly fewer
marks in the Optional FPS condition (M = 2.39, S = 0.11) as
compared to the Normal condition (M = 3.74, SD = 0.49), {1, T) =
3.19. Controller teams in high altitude scctors made a eomparable
number of marks per FP’S in the Optional FPS condition (M = 2.93,
SD = 0.07) and the Normal condition (M = 3.35,8D = 0.19). With
the exception of teams in high altitude sectors, participants made
fower marks on the FPSs under the Optional ¥PS condition. This
result, together with the FPS posting result, supports the fact that
participants were implementing the experimental procedure,

On-line workload ratings

It was expected that on-line ratings of workload using the WAK
would be lower during the Optional FPS condition due to the reduced
hoard management responsibilities. Alternatively, the introduction
of a new procedure could produce more board management dufies
and hence, more workload. Missing data due to a participant not
responding to a single WAK prompt were replaced by the appropriate
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group mean. Replacement by group means artificially reduces vari-
ance.® All controllers were included in the anal ysis even if they failed
to respond Lo more than one WAK prompt. Bach of the 6 datasets was
analyzed separately using a 2 (Normal vs. Optional FPS) x 6 (5-min
intervals) repeated measures ANOVA.

The results are shown in Figure 4. In virtually every condition
(with the exception of D-side controllers in low altitude sectors) work-
load increased over time. More important are the comparisons of the
Optional and Normal FPS conditions. Tndividual controllers in low
altitude scctors rated workload as being significantly lower in the
Optional FPS condition, F(1, 7) = 23.69, as did individual controllers
in high altitude sectors, but this latter difference was not significant.
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Figare 4. Mean on-line workload rating lor each stalfing condition and each sector
type.

 The replacement of missing data in subjeetive workload measurement remaing an
unresolved procedural issuc. It is preferable to replace missing WAK data with
group means rather than with a maximum workload rating beecause it was likely
that a failure to respond was due to inadequate audilory and visual prompts rather
than extremely high workload.
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R-side controllers in low altitude sectors perceived workload as
being less on average in the Option al 'PS condition, but not signifi-
cantly so. Likewise, R-side controllers in high altitude sectors rated
the Normal and Optional FPS conditions as being similar in work-
load. D-side controllers in both low and high altitude sectors rated
workload as being comparable under the two FPS procedures.

Overall, participants tended to rate workload as low to moderate
and judged workload in the Optional FPS condition as being compa-
rable and occasionally lower than in the Normal condition.

Post-scenario TLX ratings

Participants provided another subj cctive rating of workload after
each scenario by completing the TLX. The TLX ratings werc analyzed
separately for each group of participants (Individual, R-side, and
D-side in both high and low altitude sectors) using a 2 (Optional FPS
vs. Normal) x 6 (TLX item) multivariate analysis of variance
(MANOVA). None of the omnibus multivariate analyses were signifi-
cant and no further analyses were pursued: Mean res alts are shown
in Figure 5. The TLX results only suggest weak relationships in the
data and were not supported by statistical analyses. If anything, the
overall TLX ratings favor the Optional FPS procedure.

Compensatory behaviors

Participants could have written on_the notepad to compensate for
marking the FPSs less often. However, participants wrotc on the

100
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Figure 5. Mean TLX ratmg collapsed over staffing conditions and sector fypes
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notepad infrequently. Participants made a comparable number of
marks on the notepads for the Normal and Optional FPS conditions.
An average of 0.5 marks were madc on the notepad in the Normal
condition and an average of 1.1 marks were made on the notepad in
the Optional I'PS condition. The small number of notes written sug-
gest that cither participants did not think writing information down
was necessary or that using the notepad would have required too
much work and so it was not used very often. Notes often referred to
information that was not normally required but was needed to oper-
ate within the DYSIM, for example, the sector number recciving a
hand-off.

In addition to the notepad, participants could compensale for re-
duced FPS posting and marking requirements by utilizing available
computer functions such as the FPR or route display. The number of
compensatory actions was analyzed using a 2 (Normal vs. Optional
FPS) x 4 (FPR, route display, J-ring, slant-0) within-subjects
MANOVA. No significant differences in the number of compensatory
actions between the Normal and Optional FPS conditions were
found. Apparently, participants did not make significant changes in
their behavior to compensate for the reduction in FI’'S activity as
evidenced by their lack of writing on the notepads and use of com-
puter-based functions. Although not statistically significant, one
warning about the optional procedure is that, with exception of in-
dividuals in high altitude sectors, participants tended to use slightly
more FPRs in the Optional FI’S condition than in the Normal con-
dition. Compensatory behavior data aye shown in Tables 2—4.

Table 2. Compensatory Behavior: Means (Stand:anrd Deviations) for
Ladividual Participants by Sector Type and Condition

Sector Condition FPR Route  J-ring /0

Display

Low Normal 2.75 2.00 1.50 9.13
(3.58) (1.31) (2.07) (4.49)

Optional 4.75 2.75 1.63 9.63
FPS (8.03) (1.83) (1.60) (3.85)

High  Normal 2.75 450 0.63 10.38
(4.40) (1.60) (0.92) (9.24)

Optional 1.75 575 0.00 10.00

FPS (158) (3.06) (0.00) (7.31)
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Fable 3. Compensatory Behavior: Means (Standard Deviations) for Team
R-side Pariicipants by Sector Type and Condition

Sector Condition Point Point Request FPR  Route  Jwing /0

EPS  PVD Info Display
Low Normal 025 263 238 188 150 163 988
(0.46) (1.85) (1.30) (2.30) (1.07)  (1.60) (4.97)
Optional 013 150 238 288  1.50 150 825
FPS (0.35) (1.31) (277) (3.09) (1.41)  (1.51) (4.46)
High Normal 1.75 225 100 200 275 113 1350
(2.19) (191) (1.20) (1.51) (1.28) (1.89) (5.04)
Optional 013 200 125 475 375 133 1350
FPS (0.35) (1.69) (1.04) (4.43) (2.49) (2.26) (602)

Table 4. Compensatory Behavior: Means (Standard Deviations) for Team
D-side Participanis by Sector Type and Condition

Sector Condition Point Point Request FPR  Route /0

FPS PVD Info Readout
Low  Normal 275 200 038 050 125 0.00
(1.83)  (1.41) (1.06) (0.76) (1.16) (0.00)
Optional  1.75 250 025 1.00 088 0.13
FPS (1.67) (2.98) (0.46) (1.31) (1.36) (0.35)
High Normal 3.25 163 050 1.38 325 0.25
(2.31)  (0.92) (1.07) (0.74) (3.11) (0.71)
Optional ~ 3.63 3.75° 1.13 3.38 283 0.38
FPS (2.67) (2.31) (1.25) (2.92) (3.46) (1.06)

Subject Matter Expert observations

An SME for each sector used the Behavioral and Fvent Checklist to
record the oceurrence of 11 types of cvents including operational
errors, operalional deviations, missed handoll, violation of a Letter of
Agrecment or other directive, missed readback error, failure to grant
request, failure to direct aircraft to switch frequency, cause unnec-
essary delay, inappropriate request of information, computer entry
ervor, and failure to complete proper coordination. Subject malter
experts selected these particular events as types of cvents that may
have a negative impact upon operations, especially during the Op-
tional FPS condition. These results are shown in Figure 6. Iivents on
the checklist seldom occurred, but when one did it was just as likely
to oceur in either experimental condition. One operational error’ did

7 Aireraft must be separated by 5 nauiical miles (nmi) laterally or 1,000 feet verti-
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Figure 6. Mean number ol occurrences of behavioral events collapsed over staffing
conditions and sector types.

oceur for a controller team in a high altitude sector but the error was,
according to the SME, not related to FPS activity. Overall, the Be-
havioral and Events Checllist did not defect any significant differ-
ences belween the Normal and Optional IPS conditions for number
and type of events that occurred.

Like behavioral events, it was possible that the Optional I'PS con-
dition might impact team communication effectiveness and the ad-
equacy of position reliet bricfings. On the contrary, these measures
showed no differences between conditions, Team communication, as
noted by our SMEs, was not adverscly impacted. Only one negative
comment was made by an SMI regarding team communication.
However, this comment occurred during the Normal condition and
was related to participants having to repeat an action unnecessarily.
Position relief briefings did not suffer either. The SMEs did not note
any deficiencies regarding position relief bricfings in either the Nor-
mal or Optional FPS condition.

Post-experimental questionnaire

Data from the post-cxperimental questionnaire are shown in Table 5.
Virtually all of the concerns regarding realism referred to situations

that were imposed by the idiosyncrasies of the DYSIM facility or to

cally when flying below 29 000 feet mean sea level (MSY,). When flying at, or above,
29 000 feet MSL airerafl must be separated by 5 nmi laterally or 2.000 feel verti-
cally. An operational error oceurs when bwo or more aircrafl, violate these scparation
standards.
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Table 5. Percentage of Participants by Group Responding “Yes” to Jtems
on the Post-experimental Questionnaire

~Individual ~__ R-side D-side
~Low _ High low High Low High

Did you notice anything unusual or 75.0% 250% B75% 250% 375% 37.5%
unrealistic about either of the
scenarios?
Were the scenarios similar in 50.0% 100.0% 87.5% 750% 50.0% 37.5%
complexity?
Did the pilots or team meimber do 250% 0.0% 0.0% 375% 25.0% 12.5%

anything strange?

Did responding to the workload rating 00% 00% 00% 00% 00% 00%
hinder your ability to control traffic?

Did you prefer the optional strip marking  75.0% 100.0% 75.0% 75.0% B875% 625%
procedura?

Did you prefer the optional strip posting 875% 750% 625% 750% 87.5% 625%
procedure?

-

unfamiliar traffic patterns. For example, participants commented on
slow rates of climb for military aircraft. One ZJX participant com-
mented that “U.S. Air never goes to Ralcigh and Delta never goes to
Charlotte.” Another ZJX participant commented, “Delta doesn’t land
in Fayetleville.” Although each pair of scenarios used were con-
structed and evaluated by SMls to be similar in complexity, some
participants perceived the scenarios they controlled as being similar
in complexity, whilc others did not. Likewise, some participants men-
tioned that either their counterpart (R-side or D-side) or a simulation
pilot had done somelhing out of the ordinary during the experiment.
None of the participants indicated that the WAK measuare interfered
with their ability to control traffic. Finally, many of the participants
reported that they preferred the optional posting and marking pro-
cedures.

CONCLUSIONS

Overall, participants at ZOB and ZJX posted fewer FPSs and made
fower marks on those thal were posted during the Optional FPS
condition. Even though FP’S activity was reduced in the Optional
FPS condition, no detrimental effects in performance, workload, po-
sition relief bricfings, or team communication were observed. It 15
jmportant Lo note that participants performed similarly in both ex-
perimental conditions despite never having practiced using the op-
tional FPS posting and marking procedure prior to the experiment.
According to the post-experimental questionnaire, most participants
preferred the optional ¥PS marking and posting procedures they
used during the Optional FPS condition. Participants did not com-
pensate for the lack of FPSs by using other tools to obtain or remem-
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ber information that would have otherwise been present on an FPS.
No detrimental effects of the Optional FPS condition were detected.
Therefore, the results of the present experiment sucgest that the
Optional FPS condition provided a viable procedure by which FPS
activity could be reduced.

The Optional FI’S procedure should be investigated in a variely of
other scenarios including situations where radar capabilities are di-
minished or lost. Additional testing should also be conducted using
scenarios that participants pereeive as being relatively high in work-
load. Although the experiment did not use DSR consoles, any reduc-
tion in FPS activity obscrved with the M-1 console should also be
realized using DSR. It cannot be concluded from this experiment that
the Optional ¥FPS procedure will adequately address any space re-
strictions of the DSR. However, it can be concluded that space re-
sirictions in DSR will be less of an issuc with the Optional EPS
procedure than without 1t.

APPENDIX

Proposed change to Order 7210.3M Part 2. Chapter 8. Scclion 1.
Paragraph 8-1-6. Flight progress strip usage/marking procedures.

a. Flight progress strips will continuc to be posted, marked, and
updated in accordance with the National directives until radar
contact and communications arc established and accepted.

b. Onee this has been achicved, the radar controller (or, it so desig-
nated, the manual controller) may remove the strip from the
board. If the radar controller (or, if so designated, the manual
controller) elects to keep the strip at the sector, a check mark may
be placed in box 21-24 to indicate that further strip marking is
unnecessary.

¢. The sector team is responsible for all information contained on the
flight progress strip. Slandard strip marking 1s optional for both
controllers. However, if the radar controller chooses to utilize
standard strip marking, the associate controller will support and
comply with that request. If the radar controller does not choose to
atilize standard strip marking, nothing in this procedure pre-
cludes the associate controller from utilizing standard strip mark-
ing.

a4 Partial recording of control information decmed useful to the sec-
tor operation 18 permitted.

e. Strips on aircraft “pointed out” to the sector may be check marked
cven though commanications are never established.

£ The following flight progress strips are to remain posted and stan-
dard strip marking used:
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g.

k.

(1) Any aircraflt you cannot reasonably expect to remain in radar
contact.

(2) Aircraft transitioning from radar to non-radar environment.

(3) Aircraft requiring special handling, i.e., emergencies, radio
failures, ete. (Note: Standard strip marking will begin when
the need for special handling is identified.)

(4) All non-radar flights.

(5) ANl flights transitioning from automated to non-automated
modes of operation.

(6) All flights that are issued holding instructions.

Departures and proposals are Lo be considered non-radar until

radar contact has been established and accepted in accordance
with FAAH 7110.65.

_ Anv control action not recorded via landline, frequency, or com-
- bl .

puter entry must be marked on the appropriate strip to record the
action.

In the event of a back-up system failure, the strips will be posted
and marked in accordance with National and local dircctives.
These systems would include any back-up radar or malfanctioning
recording system and when operating in DARC only.

. The controller will continue to be responsible for the control of the

aircraft and coordination of information as prescribed in FAAIT
7110.65.

Blank note pads will be available at every sector for the control-
ler’s usc.

Standard strip marking must be accomplished when training is in
progress. This may be discontinued with the consent of the train-
ing team.
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ACRONYMS
@ Alpha
ANOVA Analysis of Variance

ARTCC Air Route Traffic Control Center
CRD Computer Readout Device

DARC Discrete Address Radar Channel
D-side Data Side

DSR Digplay Syziem Replacement
DYSIM Dynamice Simulator

IFAA Federal Aviation Administration
PL Full Performance Level

FPR I'ight Plan Readout

FPS Flight Progress Strip

M Mean

MANOVA Mulfivariate Analysis of Variance
NASA National Acronautical and Space Administration
NATCA National Air Tratfic Control Association
PvD Plan View Display-

RR-side Radar Side

RT Reaction Time

SA Situation Awarencss

S Standard Deviation

SME Subject Matter Expert

TLX Task Load Index

WAK Workload Assessment Keypad
ZJX dacksonville ARTCC

zZon Cleveland ARTCC
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